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1
FLUSH SYRINGE ASSEMBLY

TECHNICAL FIELD

The present invention relates to syringe assemblies and
particularly to, syringe assemblies for use 1n flush procedures
for vascular access devices (VAD’s).

BACKGROUND

VAD’s are commonly used therapeutic devices and include
IV catheters. There are two general classifications of VAD’s,
peripheral catheters and central venous catheters. If not prop-
erly maintained, VAD’s can become occluded. To ensure
VAD’s are used properly and do not become occluded, stan-
dards of practice have been developed. These standards
include a cleaming procedure, which 1s commonly referred to
as a flush procedure or flushing a catheter.

VAD standards of practice usually recommend flush pro-
cedures be performed aiter catheter placement, before flmd
infusion, and before and after drug administration, blood
sampling, transfusions and parenteral nutrition. The goal of
these flush procedures 1s to confirm catheter patency, avoid
drug incompatibilities, ensure the complete drug dose admin-
istration, prevent thrombus formation and minimize the risk
ol blood stream infections. Flush procedures require different
types and amounts of flush solutions. The most commonly
used flush solutions are saline and or heparin lock solution.
The type of flush solution and amount vary depending on the
specific type of catheter. Flush solution volumes between 5
and 10 ml are most common but can range from 1 ml to 20 ml.

For flush procedures, an 1.V. line refers to a system con-
taining a VAD, a tubing set with clamp and may terminate
with a port or valve. The most common types of ports are
covered by pierceable septums or pre-slit septums and are
known 1n the art and sometimes referred to as “PRN” from the
Latin pro re nata meaning “as the need arises”. The septum 1s
preferably made of rubber or another elastomeric material,
which permits 1insertion of a sharp needle cannula 1n order to
infuse fluids or to withdraw fluids from the catheter. Upon
withdrawal of the needle cannula the septum seals 1tself. Ports
having pre-slit septums are used with blunt cannula or the
frusto-conically shaped tip of a syringe barrel. The syringe tip
or the blunt cannula (which 1s usually attached to a syringe) 1s
gently pushed through the pre-slit septum to establish fluid
communication.

I.V. valves, another type of terminal 1.V. access device that
does not require a needle having a sharp tip, are activated by
the frusto-conically shaped tip of a syringe barrel to allow
fluid communication between the interior of the syringe and
the catheter. These valves may contain features for delivering,
fluid from a storage compartment 1n the valve to the catheter,
and are referred to in the art as positive displacement valves.
Such a valve 1s taught 1n U.S. Pat. No. 6,206,861.

Flush procedures may be enhanced by use of a “push-
pulse” (also referred to as “start-stop” or “push-pause”) tech-
nique to remove debris or residue 1n the catheter that may
cause occlusion or other undesirable effects. The removal of
debris or residue 1s referred to a purging and prevents the
build-up of deposits of blood, blood residue and IV drugs
within a catheter or other VAD device. Such build-up can
cause partial or complete blockage of the fluid pathway 1n a
catheter system, require expensive and potentially dangerous
methods for purging the atfected catheter or a total catheter
exchange. Often, such blockages lead to interruptions in
therapy that may compromise patient care. The build-up of
residue within a catheter can also increase infection risk by
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providing a breeding medium for microorganisms. For this
reason, push-pulse 1s traditionally taught to healthcare work-

ers.

As 1s understood by one skilled 1n the art, the push-pulse
flushing technique introduces or creates turbulence within the
syringe barrel when uneven pressure or force 1s applied to the
plunger rod in the distal direction as the distal end of the
plunger rod moves toward the barrel wall during expulsion. In
this disclosure, a convention 1s followed wherein the distal
end of the device 1s the end closest to a patient and the
proximal end of the device 1s the end away from the patient
and closestto a practitioner. When such techniques are used in
conjunction with catheters, turbulence i1s introduced within
the catheter. Turbulent or pulsing flow causes a swirling effect
that moves any debris or residue attached to the catheter.
Turbulent or pulsing flow can be provided in a relatively
controlled manner by a syringe that includes a plunger rod
that interacts with the syringe barrel as the plunger rod 1s
pushed forward to automatically create sharp pulses in tluid
flow and pressure. In contrast to push-pulse and controlled
pulsatile tflow, conventional or “smooth” (also referred to as
“straight”™ or “laminar”) flushing techniques require the appli-
cation of substantially constant pressure or force to the
plunger rod 1n the distal direction. Conventional or smooth
flushing techniques may also include the application of pres-
sure or force that increases or decreases substantially linearly
to the plunger rod in the distal direction. However, the use of
teatures that provide the force differential that creates turbu-
lent or pulsing flmd flow generally cannot be applied with
infusion pumps or other delivery systems that require slow
and controlled delivery of medication to patients. For
example, certain infusion pumps have high pressure alarms
and the forces and/or pressures created by push-pulse tech-
niques of flushing can set off the high pressure alarm.

There 1s a need for a flush syringe assembly that can be
used with both manual IV therapies and therapies that use
infusion pumps.

SUMMARY

The present invention 1s directed to a syringe assembly for
use 1n flush applications. Syringe assemblies according to a
first aspect of the present invention include a plunger rod and
a syringe barrel that have that permit continuous and unim-
peded movement of the plunger rod with respect to the barrel
and pulsatile movement of a plunger rod in the distal direction
within a syringe barrel. The syringe assemblies described
herein also provide to the user the ability to select between
pulsatile or continuous and unmimpeded movement of the
plunger rod within the barrel. The features providing pulsatile
movement allows the user to substantially achieve the effects
of a push-pulse tlushing techniques that impart turbulence to
the flow of the tlush solution 1nto the catheter or other medical
device connected to the flush syringe. The features for pro-
viding continuous and unimpeded movement allows the user
to utilize smooth flushing techniques that do not actively
change or increase turbulence 1n the tlow of the tlush solution
into a catheter or other medical device. The range of the
pulsatile movements and continuous and unimpeded move-
ments 15 described more fully below.

In one or more embodiments, the pulsatile or continuous
and unimpeded movement of the plunger rod 1s provided by
one or pulsing more elements disposed on the plunger rod
and/or syringe barrel that are complementary and may be
configured or arranged to substantially achueve the effects of
a push-pulse flushing techmque when expelling the contents
of the barrel, while also being capable of alternatively per-
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mitting conventional or smooth flushing techniques. The
selection of flushing techniques may be tailored by the user to
a specific application or specific needs of a patient. Indicia
may also be provided on the plunger rod and/or syringe barrel
that provides visual indication of whether the plunger rod and
syringe barrel assembly 1s configured for pulsatile movement
to create pulses or rapid and intentional variations 1n fluid
flow and/or pressure or continuous and unimpeded movement
causing conventional or smooth flushing in which fluid flow
and/or pressure are substantially constant with little variation
or spiking in pressure.

As used herein, the term ““pulsatile movement” shall
include plunger rod motion caused by variations in the pres-
sure or force applied to the plunger rod. In the embodiments
described herein, the variations in the pressure of force
applied to the plunger rod are caused by the physical barrier
provided by the interactions between the one or more pulsing
clements disposed on the plunger rod and/or barrel that must
be overcome to permit the plunger rod to advance 1n the distal
direction within the barrel. The delay in the movement of the
plunger rod caused by the interaction of the one or more
pulsing elements disposed on the plunger rod and/or the one
or more pulsing elements disposed on the barrel and the
movement of the one or more pulsing elements of the plunger
rod past the one or more pulsing elements on the barrel upon
application of a force on the plunger rod yields the force
necessary to provide pulsatile movement and turbulent or
pulsing flushing tluid pressure. These changes pressure or
force impart turbulence to the flush solution as 1t 1s expelled
into a catheter or other medical device . . . . The variations 1n
pressure or force may increase or decrease and such changes
may occur cyclically or acyclically. The variations 1n pressure
or force may further be modified to increase or decrease by
pre-defined amounts. As will be described herein, the varia-
tions 1n pressure or force are created by changes 1n mechani-
cal interference between the plunger rod and the barrel as the
plunger rod slides distally and proximally within the barrel
upon application of force to the plunger rod 1n only the distal
direction. As used herein, the term “interference” shall be
used interchangeably with the phrase “mechanical interfer-
ence or force” and includes friction, frictional interference or
frictional force. The vanations in pressure or force applied to
the plunger rod results in rapid changes in fluid pressure,
which can result 1n pressure spikes having a duration of less
than about two seconds or less than about one second. During
cach spike duration, the pressure varies from a low pressure
value of less than about 10 psi1 or less than about 5 psi,
suddenly increases to a high value of up to 25 psi and rapidly
decreases down to a low pressure value of less than about 20
ps1, 18 psi, 16 ps1, 14 ps1, 12 ps1, 10 ps1 or about S5 psi.
According to certain embodiments the pressure spikes are
substantially equal, meaning that the variation between the
high value of the spikes 1s less than about 10 psi or about 3 psi.
It will be understood that the high value of pressure can be
tatlored to specific applications by modifying the shape of the
teatures disposed on the plunger rod and/or syringe barrel.

As used herein, the phrase “continuous and ummpeded
movement” shall include movements caused by a substan-
tially constant pressure or force applied to the plunger rod as
the plunger rod moves from the most proximal position
within the barrel to the most distal position within the barrel,
namely, when the distal face of the stopper 1s in contact with
the distal wall of the barrel. Continuous and ummpeded
movement may also include movements caused by increases
in pressure or force that are substantially linear, distinguished
from rapid spikes in pressure in which the pressure suddenly
increases and decreases 1n less than about two seconds. The
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4

constant or linearly increasing pressure or force applied to the
plunger rod 1s caused by the lack of changes 1n mechanical
interference between the plunger rod as 1t moves within the
barrel. It will be understood that the changes or lack of
changes in mechanical imterference may occur as the plunger
rod slides distally and/or proximally within the barrel. Such
applications of force or pressure to the plunger rod are utilizes
in techniques that are known as straight flushing, smooth
flushing or laminar flushing.

Both continuous and unimpeded movement and pulsatile
movement occur as the stopper on the plunger rod are dis-
posed at the proximal end of the barrel and moved 1n the distal
direction along the substantially the entire length of the bar-
rel, until the plunger rod reaches the distal wall of the syringe.
Stated 1n other terms, continuous and unimpeded movement
and pulsatile movement also occur as the user applies pres-
sure or force on the plunger rod 1n the distal direction to expel
the entire contents of the barrel. In other words, continuous
and unimpeded movement and pulsatile movement occur 1n a
single stroke of the plunger rod as 1t moves distally within the
barrel from the proximal most point of the barrel to the distal
most point of the barrel.

The manual push-pulse flushing technique 1s recognized as
usetul for reducing the risk of infections that may be caused
by the presence of debris or residue, including blood and/or
drug residue, that 1s not purged or removed from catheters and
other similar medical devices and may enhance microbial
growth. The use of structural elements or pulsing elements
that provide or cause pulsatile movement, as described
herein, eliminates human error or deviations from standard
practices that may arise from requiring manual or user 1niti-
ated use of the manual push-pulse flushing technique. Fur-
ther, the incorporation of structural elements or pulsing ele-
ments that provide or cause continuous and ummpeded
movement in the same syringe assembly allows the user tlex-
ibility to change the flow of the flush solution to pulsing or
continuous or non-pulsing flow without having to switch
assemblies without having to switch assemblies. Control over
the pressure of the flush solution being expelled 1s a specific
problem to flush syringe assemblies. For flushing techniques,
the flush solution must have a pressure that 1s high enough and
must have the turbulent or pulsing flow necessary to remove
debris and residue, but the pressure must not be too high to
cause overpressurization of catheters or other medical
devices. The structural elements or pulsing elements dis-
closed herein also provide greater control over the flush pres-
sure or the pressure of the flush solution as 1t 1s being expelled
than manual push-pulse flushing techniques. The user does
not need to manually vary the amount of force applied to the
plunger rod to ensure turbulent or pulsing tlow, thus eliminat-
ing the possibility that the flush solution has a fluid pressure
that 1s too great. In addition, the pulsing elements described
herein are shaped and sized so that movement of the plunger
rod within the barrel 1n a pulsatile manner 1s controlled so the
flush solution being expelled has a fluid pressure that solution
does not exceed levels that could overpressurize the catheter
and interfere with normal catheter use, but also has the tur-
bulent or pulsing tlow required to remove debris and reside
from catheters and other medical devices.

In accordance with one aspect of the present invention, a
flush syringe assembly 1s provided having a barrel and an
clongate plunger rod disposed within the barrel and capable
of sliding 1n the proximal and distal direction. The plunger
rod and the barrel or portions of the barrel include one or more
pulsing elements that, when aligned, increase mechanical
interference between the plunger rod and barrel.
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In one or more embodiments, the plunger rod 1s rotatable
within the barrel to create pulsatile movement or to create
continuous and unimpeded movement of the plunger rod
within the barrel. In one or more variants, the barrel 1s rotat-
able with respect to the plunger rod to create pulsatile move-
ment or to create continuous and unimpeded movement of the
plunger rod within the barrel. Optionally, the barrel may
include a rotating body that rotates with respect to the plunger
rod and the barrel to create pulsatile movement or to create
continuous and unimpeded movement of the plunger rod
within the barrel.

In one or more embodiments, the barrel includes an open
proximal end, a distal end and a side wall that defines an
inside surface extending from the proximal end to the distal
end. The 1nside surface of the barrel defines a chamber for
retaiming fluid, such as flush solution. The distal end of the
barrel includes a distal wall and a tip extending distally from
the distal wall. The tip includes a passageway therethrough in
fluid communication with the chamber. The plunger rod of
one or more embodiments includes a proximal portion or end,
a distal portion or end and a body portion having an outside
surface extending from the proximal end to the distal end. The
proximal end of the plunger rod may include a thumb press. A
stopper with a distal face may be provided on the distal end
having a distal face. In one embodiment, the syringe assembly
includes one or more pulsing elements disposed on at least
one of the plunger rod or the barrel that provide increase
mechanical interference between the plunger rod and barrel
as the plunger rod moves distally and/or proximally within
the barrel. In one variation, the one or more pulsing elements
are rotatable to create pulsatile movement or continuous and
unimpeded movement of the plunger rod within the barrel or,
in other words, to allow the user to select pulsatile movement
or continuous and unimpeded movement of the plunger rod
within the barrel. In a specific configuration, the pulsatile or
continuous and ummpeded fluild movement occur as the
plunger rod 1s moved within the barrel from the open proxi-
mal end of the barrel to the distal wall of the barrel.

In one or more embodiments, the one or more pulsing
clements are disposed on the plunger rod and/or the 1nsides
surface of the barrel. In accordance with one or more embodi-
ments, the one or more pulsing elements may include a plu-
rality of extensions disposed on the outside surface of the
plunger rod. The extensions of one or more embodiments
may extend radially outwardly toward the inside surface of
the barrel. Alternatively, the one or more pulsing elements
may 1nclude a plurality of protrusions disposed on the inside
surface ol the barrel. The protrusions may extend radially
inwardly toward the outside surface of the plunger rod. In one
or more embodiments, a portion of the outside surface of the
plunger rod 1s free of extensions and a portion of the inside
surface of the barrel 1s free of protrusions.

According to one or more embodiments, the one or more
pulsing elements includes at least one extension disposed on
the outside surface of the plunger rod, at least one protrusion
disposed on the inside surface of the barrel, such that the at
least one extension cooperating with the at least one protru-
s10n to 1ncrease the mechanical forces to advance the plunger
rod distally into the barrel from the open proximal end of the
barrel to the distal wall of the barrel. In a specific embodi-
ment, the at least one extension extends radially outwardly
toward the inside surface of the barrel and the at least one
protrusion extending radially inwardly toward the outside
surface of the plunger rod. In amore specific embodiment, the
one or more pulsing elements comprises a plurality of exten-
s1ons disposed on the outside surface of the plunger rod and a
plurality of protrusions disposed on the inside surface of the
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barrel. In an even more specific embodiment, a portion of the
outside surface of the plunger rod 1s free of extensions and a
portion of the inside surface of the barrel 1s free of protru-
s1oms, despite the presence of at least one extension and pro-
trusion on the plunger rod and barrel.

According to one or more embodiments, the movement of
the plunger rod in the distal direction creates interference
with the barrel, which 1s varied upon alignment of the plural-
ity of extensions or the at least one extension and the plurality
ol protrusions or the at least one protrusion. In one or more
embodiments, the alignment of the plurality of protrusions or
the at least one protrusion and the plurality of extensions or
the at least one extension results 1n variations 1n the interfer-
ence between the plunger rod and the barrel that requires an
increase 1n mechanical force to overcome the interference. In
one or more embodiments, the alignment of the features for
providing continuous and unimpeded fluid movement and
teatures for providing pulsatile movement results 1n no varia-
tions 1n the interference between the plunger rod and barrel.
In other words, alignment of the plurality of extensions or the
at least one extension disposed on the plunger rod with the
portion of the barrel that 1s free of protrusions results 1 no
variations 1n the iterference between the plunger rod and the
barrel. In addition, the alignment of the plurality of protru-
sions or the at least one protrusion of the barrel with the
portion of the plunger rod that 1s free of extensions results in
no variations in the interference between the plunger rod and
the barrel.

In one or more embodiments, the one or more pulsing
clements may also include a pulsing element disposed at the
proximal end of the barrel. The pulsing element may be
provided as a separate piece attached to a barrel. The barrel
may be free of protrusions or other features for providing
pulsatile movement of the plunger rod. The pulsing element
includes an 1nside surface that defines an opening with at least
one projection that extends inwardly into the opening. The
pulsing element may be utilized 1n embodiments 1n which the
plunger rod includes at least one extension or a plurality of
extensions disposed on the outside surface thereof and that
extend radially outwardly toward the inside surface of the
syringe barrel. The pulsing element may be rotatable and may
be rotated such that the at least one projection engages with
the at least one extension or a plurality of extensions disposed
on the plunger rod to cause variations in the interference
between the plunger rod and the barrel. The variations 1n the
interference may be suificient be caused by the interactions
between the protrusions and the extensions disposed on the
plunger rod that require an increased mechanical force to be
applied to advance the plunger rod distally into the barrel
from the open proximal end of the barrel to the distal wall of
the barrel.

In one or more embodiments, a portion of the pulsing
clement may be free of projections. The plunger rod utilized
with the pulsing element may also include a portion of its
outside surface that is free of extensions. The pulsing element
may be rotatable with respect to the plunger rod to create
pulsatile movement or continuous and unimpeded movement
of the plunger rod within the barrel. Specifically, the pulsing
clement may be rotated while the plunger rod and remaining
portions of the barrel remain 1n a fixed position with respect to
cach other. To create pulsatile movement of the plunger rod or
variations 1n the interference between the plunger rod and
barrel, the pulsing element may be rotated to align the at least
one extension of the plunger rod and the at least one projec-
tion of the pulsing element. In one or more embodiments, the
pulsing element may be rotated such that the at least one
extension of the plunger rod 1s aligned with the portion of the
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inside surface of the pulsing element that 1s free of projec-
tions. In such configurations, this alignment of the pulsing

clement and the plunger rod result in no variations 1n the
interference between the plunger rod and barrel and allow
continuous or ummpeded movement of the plunger rod
within the barrel.

A second aspect of the present invention pertains to a flush
syringe assembly having a barrel and a plunger rod disposed
within the barrel, as described herein, wherein the barrel and
plunger rod are cooperatively configured to permit both pul-
satile movement of the plunger rod within the barrel and
continuous and unimpeded movement of the plunger rod 1n
the distal direction along substantially the entire length of the
syringe barrel upon application of force to the plunger rod 1n
only the distal direction. Stated in other terms, the syringe
assembly 1s capable of pulsatile movement or continuous and
unimpeded movement as the plunger rod moves 1n only the
distal direction along substantially the entire length of the
syringe barrel. In a specific embodiment, the syringe assem-
bly includes a plunger rod that 1s rotatably disposed within the
barrel to permit selection of pulsatile movement or continu-
ous and uninterrupted movement. In a more specific configu-
ration, a portion of the barrel may be rotatable around the
plunger rod to permit selection of pulsatile movement or
continuous and uninterrupted movement.

A third aspect of the present invention pertains to a method
of flushing a catheter. In one or more embodiment, the method
includes attaching a flush syringe assembly, as described
herein, to a catheter, wherein the chamber of the flush syringe
assembly contains a preselected amount of flush solution 1n
the chamber. The method includes selecting the manner of
moving the plunger rod within the barrel from one of a pul-
satile manner and a continuous and unimpeded manner. In
other words, selecting whether to purge the syringe barrel or
simply expel the contents of the flush syringe assembly either
pulsatile movement or continuous or unimpeded movement.
The method also includes applying a force 1n the distal direc-
tion to the plunger rod until a desired amount of flush solution
1s expelled. In one or more embodiments, the method may
also include changing the manner of moving the plunger rod
within the barrel from one of the pulsatile manner and the
continuous and unimpeded manner to the other of the pulsa-
tile manner and the continuous or unimpeded manner. In
other words, the user may change the manner in which the
plunger rod 1s moving within the barrel. For example, 1t the
user selects moving the plunger rod in the pulsatile manner
and begins expelling the flush solution, the user may change
their mind and switch the manner in which the plunger rod 1s
moving to a continuous or unimpeded manner, or vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a side-elevational view of the plunger rod
according to one or more embodiments of the present mnven-
tion;

FIG. 1A 15 a perspective view of the plunger rod shown in
FIG. 1;

FI1G. 2 shows a side-elevational view of FIG. 1 rotated 90°
clockwise or counterclockwaise;

FI1G. 3 1llustrates a partial cross-sectional view of FIG. 2
taken along line 3-3;

FI1G. 4 1llustrates a side-elevational view of an alternative
embodiment of the plunger rod shown 1n FIG. 1;

FI1G. 4A 1s a perspective view of the plunger rod shown in
FIG. 1;

FI1G. 5 illustrates a side-elevational view of FIG. 4 rotated
90° clockwise or counterclockwise;
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FIG. 6 shows a partial cross-sectional view of the FIG. 5
taken along line 6-6;

FIG. 7 shows a cross sectional view of a barrel according to
an alternative embodiment of the present invention;

FIG. 7A 1llustrates a cross-sectional view of the barrel
shown 1n FIG. 7 taken along line 7A-TA;

FIG. 8 shows a cross-sectional view of the barrel shown 1n
FIG. 7 rotated 90° clockwise or counterclockwise;

FIG. 9 1illustrates a partial cross-sectional view of the
plunger rod of FIG. 1 inserted 1nto the barrel shown in FI1G. 7;

FIG. 10 illustrates a partial cross-sectional view of the
plunger rod of FIG. 2 inserted 1nto the barrel shown in FI1G. 7;

FIG. 11 1illustrates a partial cross-sectional view of the
plunger rod of F1G. 4 inserted 1nto the barrel shown in FIG. 7;

FIG. 12 1illustrates a partial cross-sectional view of the
plunger rod of FI1G. 5 inserted 1nto the barrel shown in FIG. 7;

FIG. 13 illustrates a cross-sectional view of FIG. 9 taken
along line 13-13;

FIG. 14 illustrates a cross-sectional view of FIG. 10 taken
along line 14-14;

FIG. 15 illustrates a cross-sectional view of FIG. 11 taken
along line 15-15;

FIG. 16 1llustrates a cross-sectional view of FIG. 12 taken
along line 16-16;

FIG. 17 1llustrates a perspective view of a first pulsing
clement assembled with a flush syringe assembly that
includes a syringe barrel and a plunger rod;

FIG. 18 illustrates an exploded view of the first pulsing
clement and the flush syringe assembly shown 1n FIG. 17;

FIG. 191llustrates a cross-sectional view of the first pulsing
clement, and the flush syringe assembly shown 1n FIG. 18;

FIG. 20 illustrate a side cross-sectional view of the first
pulsing element and the flush syringe assembly shown in FIG.
17;

FIG. 21 illustrates an enlarged view of the first pulsing
clement and the flush syringe assembly shown 1n FIG. 20;

FIG. 22 1llustrates a perspective view of the first pulsing
element shown in FIG. 18;

FIG. 23 illustrates a perspective cross-sectional view ofthe
plunger rod shown 1n FIG. 1;

FIG. 24 1llustrates the first pulsing element and the flush
syringe assembly shown in FIG. 20 after application of a force
in the distal direction on the plunger rod;

FIG. 24 A 1llustrates the first pulsing element and the flush
syringe assembly shown 1n FIG. 24 after rotation of the first
pulsing element;

FIG. 25 illustrates an enlarged view of the first pulsing
clement and the flush syringe assembly shown 1n FIG. 24;

FIG. 26 1llustrates a cross-sectional view of the first pulsing
clement and the tlush syringe assembly shown 1n FIG. 20 after
rotating the plunger rod;

FIG. 27 illustrates an enlarged view of the first pulsing
clement and flush syringe assembly shown in FI1G. 26;

FIG. 28 1llustrates a perspective view of a second pulsing
clement and a flush syringe assembly according to one or
more embodiments;

FIG. 29 1llustrates an exploded view of the second pulsing,
clement and the flush syringe assembly shown 1n FIG. 28;

FIG. 30 shows the second pulsing element and the flush
syringe assembly shown in FIG. 28 after rotating the second
pulsing element;

FIG. 31 illustrates a cross-sectional view of the second
pulsing element and the tlush syringe assembly of FIG. 28;

FIG. 32 illustrates the cross-sectional view of the second
pulsing element and the flush syringe assembly of FIG. 31
after application of a force in the distal direction on the
plunger rod; and
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FIG. 33 illustrates an enlarged view of the second pulsing
clement and the flush syringe assembly of FIG. 32.

DETAILED DESCRIPTION

Before describing several exemplary embodiments of the
invention, it 1s to be understood that the invention 1s not
limited to the details of construction or process steps set forth
in the following description. The invention 1s capable of other
embodiments and of being practiced or being carried out 1n
various ways.

Syringe assemblies according to a first aspect include a
plunger rod and a syringe barrel that incorporate an element
tor providing continuous and unimpeded movement and an
clement for providing pulsatile movement of a plunger rod 1n
the distal direction within a syringe barrel. The assembled
syringe 1s shown 1n FIGS. 9-16, with the components sepa-
rately shown in FIGS. 1-8. Referring to FIGS. 1-16, a syringe
assembly according to one embodiment comprises a barrel
110 including a side wall 112 having an inside surface 114

defining a chamber 116 for retaining fluid, an open proximal
end 111 and a distal end 119 including a distal wall 118 with

a t1ip 115 extending distally therefrom. The tip 115 1ncludes a
passageway 113 therethrough 1n fliid communication with
the chamber 116. The open proximal end 111 includes finger
flanges 120. The side wall 112 of the barrel may be cylindrical
or may have another shape.

The tip 115 of the barrel may include a luer slip connection
(not shown) or a locking luer type collar (not shown) concen-
trically surrounding tip 115. The collar (not shown) may
include an inside surface having at least one thread thereon. A
needle assembly (not shown) including a cannula having a
proximal end, a distal end, and a lumen therethrough may also
optionally be provided. A hub (not shown) having an open
proximal end containing a cavity and a distal end may be
attached to the proximal end of the cannula so that the lumen
1s 1n fluid communication with the cavity of the hub. The
needle assembly (not shown) 1s removably attached to the tip
ol the barrel through engagement of the tip to the cavity of the
hub so that the lumen 1s 1 fluid communication with the
chamber of the barrel. The chamber 116 of the barrel may
include a desired amount of tlush solution. The side wall 112
may include measuring indicia (not shown) to indicate the
amount of flush solution contained within the chamber 116.

A plunger rod 130 1s provided and includes an elongate
body portion 132 having a proximal end 131, and a distal end
139. The plunger rod 130 1s slidably within the chamber 115
of the barrel 110 for driving tluid out of the chamber 116. The
clongate body portion 132 of the plunger rod extends out-
wardly from the open proximal end 111 of the barrel and may
be disposed within the chamber 116. The plunger rod 130
includes a thumb press 144 at the proximal end 131 and a
stopper 140 at the distal end 139. The stopper 140 1includes a
sealing edge 142 that forms a seal with the inside surface 114
of the barrel. The shape of the plunger rod may be modified to
{1t within barrels with side walls having different shapes.

The stopper 140 of one or more embodiments may be
integrally formed on the distal end 139 of the plunger rod or
may form a separate component that 1s connected to the distal
end 139 of the plunger rod. The distal end 139 of the plunger
rod may include an integrally formed stopper (not shown).
The stopper 140 may include a conically-shaped distal sur-
face and the barrel may include a conically-shaped inside
surface at 1ts distal wall. The stopper 140 1s slidably posi-
tioned 1n fluid-tight engagement with the 1inside surface 114
of the barrel for drawing fluid into and driving fluid out of the
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chamber. I the syringe assembly 1s prefilled from the manu-
facturer, the stopper need not be used for or able to draw fluid
into the barrel.

The stopper 140 may be made of any matenal suitable for
providing a seal with the mside surface 114 of the barrel. For
example, the stopper 140 may be made of thermoplastic elas-
tomers, natural rubber, synthetic rubber or thermoplastic
materials and combinations thereof. The stopper 140 may be
integrally formed or composed of separate components of the
same or different materials joined together. The plunger rod
130 may be made of material which 1s more rnigid than the
stopper such as polypropylene, polyethylene and the like.
Maternals should be chosen to be compatible with the proce-
dure being used.

The elongate body portion 132 of the plunger rod includes
an outside surface 134, forming a perimeter around the body
portion 132 and an axial length extending from the proximal
end 131 to the distal end 139. The body portion 132 may
include a single beam or features, which may have cylindrical
or other shapes. As shown in FIGS. 1-3, the body portion 132
may be formed by two perpendicularly intersecting beams
136, 137. The beams may have a rectangular cross-section. In
the embodiment shown, the two intersecting beams 136, 137
intersect to form an outside surface outlining four quadrants
151, 152, 153, 154 (shown more clearly in FIG. 5) that face
the mside surface 114 of the barrel and extend along the axial
length from the proximal end 131 to the distal end 139 of the
plunger rod.

In the embodiments shown in FIGS. 1-6, one or more
pulsing elements are disposed on the outside surface of the
body portion 132 of the plunger rod and on the 1nside surface
114 of the barrel. The pulsing elements may be integrally
formed or provided as separate components that may be
added to the plunger rod and/or barrel. The plungerrod 130 or
barrel 110 may further include features for the attachment of
separate pulsing elements. In accordance with the embodi-
ments shown i FIGS. 1-3, the one or more pulsing elements
are provided as a plurality of extensions 1n the shape of a disc
145 or rib members. In such embodiments, the discs 145 are
disposed on the outside surface of the body portion 132 of the
plunger rod. In embodiments where the body portion 132
includes two intersecting beams 136, 137, the discs 145 may
be connected to the adjacent beams 136, 137 and extend
radially outwardly toward the inside surface 114 of the barrel
from a quadrant. In the embodiment shown, the discs 145 are
formed 1n two non-adjacent quadrants 151, 153 and are con-
nected to beams 136, 137. In embodiments where the body
portion 132 includes a single beam, the disc 145 may be
peripherally formed along a segment or portion of the outside
surface 134 of the plunger rod 130 and extend radially out-
wardly toward the 1nside surface 114 of the barrel. The out-
side surface 134 of the plunger rod may include segments or
portions that are free of discs 150 or other extensions. In a
specific embodiment, two discs may be formed peripherally
along two opposite segments of the outside surface of the
plunger rod, leaving two opposite segments of the outside
surface of the plunger rod that are free of discs. The discs 145
may be positioned at regular intervals along the length of the
plunger rod. In one or more alternative embodiments, the
discs 145 may be positioned at irregular intervals and/or may
be positioned at or adjacent to the proximal end 131 or the
distal end 139 of the plunger rod.

FIGS. 4-6 illustrate an alternative embodiment of the
plungerrod 230. Plunger rod 230 includes a proximal end 231
and a distal end 239 with an elongate body portion 232
extending from the proximal end 231 to the distal end 239.
The distal end 239 of the plunger rod 230 includes a stopper
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240 with a sealing edge 242 and the proximal end 239
includes a thumb press 244. The elongate body portion 232 of
the plunger rod includes an outside surface 234, forming a
perimeter around the body portion, and an axial length
extending from the proximal end 231 to the distal end 239. In
the embodiment shown, body portion 232 1s formed by two
perpendicularly intersecting beams 236, 237. The beams may
have arectangular cross-section. In the embodiment shown in
FIGS. 4-6, the one or more pulsing elements are provided 1n
the form of protrusions 243 disposed on the outside surface of
the plunger rod 230. The one or more protrusions 245 radiate
outwardly toward the iside surface 214 ofthe barrel. The one
or more protrusions 245 are limited to a portion of the perim-
cter of the body portion of the plunger rod, leaving the
remaining portion 250 of the perimeter of the plunger rod free
ol protrusions or extensions. As shown in FIGS. 4-6, a plu-
rality of protrusions 245 may be disposed along the axial
length of the plunger rod and may be disposed at pre-defined
intervals along the axial length. In a specific embodiment, the
pre-defined intervals are equally spaced.

In embodiments utilizing two perpendicularly intersecting,
beams 236, 237 the protrusions 245 may be disposed at oppo-
site ends of one beam, as shown 1n FIG. 6. In embodiments
utilizing a single beam to form a body portion, one or more
protrusions 245 may be peripherally formed along a segment
of the outside surface 234 of the plunger rod, while the
remaining segments of the outside surface are free of any
protrusions 245 or other extensions. In a specific embodi-
ment, the protrusions may also be formed peripherally along
two opposite segments ol the outside surface 234 of the
plunger rod, leaving two opposite segments of the outside
surface 234 ofthe plunger rod that are free of protrusions. The
protrusions 245 may be positioned at regular intervals along
the length of the plunger rod. In one or more alternative
embodiments, the protrusions 245 may be positioned at
irregular 1intervals and/or may be positioned at or adjacent to
the proximal end 231 or the distal end 239 of the plunger rod.

The one or more pulsing elements may also be disposed on
the inside surface of the barrel. In the embodiment shown in
FIGS. 7-8, the elements are provided in the form of aretaining
ring 345 disposed on the 1nside surface 114 of the barrel 110
and extending radially inwardly toward the chamber and/or a
plunger rod. The retaining ring 345 interacts with the pulsing
clements disposed on the plunger rod, for example the discs
145 and/or the protrusions 2435, to provide pulsatile move-
ment of the plunger rod 130 as 1t moves distally within the
barrel. In such embodiments, the retaiming ring 345 forms a
narrowed cross-sectional width 1n comparison to the cross-
sectional width formed by the inside surface 114 of the barrel.
The retaining ring 345 and may include at least one opening
350 that defines an expanded cross-sectional portion that has
a larger cross-section than the retaining ring. The 1nside sur-
tace 114 of the barrel has a smaller cross-sectional width at
the retaining ring 345 than at the opening 350. The at leastone
opening 350 forms a portion of the 1nside surface of the barrel
that 1s free of any extensions and does not interact with the
plunger rod. In a specific embodiment, two or more retaining,
rings 345 may be disposed along pre-defined intervals along
the length of the 1nside surface 114 of the barrel. Alternative
embodiments may include two retaining rings and two open-
ings on each ring, three retaining rings and two openings on
cach ring, three retaining rings and three openings, and other
combinations of retaining rings and openings. It will be
understood that the elements disposed on the inside surface of
the barrel and outside surface of the plunger rod can be
tformed to cooperate with each other. In an even more specific
embodiment, the pre-determined intervals, at which the

10

15

20

25

30

35

40

45

50

55

60

65

12

retaining rings are disposed, are regularly spaced along the
length of the inside surface of the barrel or, alternatively, are
irregularly spaced along the length of the 1nside surface of the
barrel.

According to an alternative embodiment, the one or more
pulsing elements formed at discrete points, instead of being
formed peripherally along the inside surface of the barrel.
Such embodiments include portions of the inside surface 114
of the barrel that are free of pulsing elements and that do not
interact with the plunger rod 130. Such discrete elements may
be disposed at pre-defined intervals along the length of the
inside surface of the barrel and, 1n an even more specific
embodiment, the pre-determined mtervals are equally spaced
along length of the inside surface of the barrel.

During use, the user aligns the extensions and/or projec-
tions of the plunger rod and the syringe barrel, respectively, to
select the desired movement. For example, 1f pulsatile move-
ment 1s desired, the user rotates the plunger rod and/or syringe
barrel so that the one or more pulsing elements disposed on
the plunger rod interact with the one or more pulsing elements
disposed on the inside surface of the barrel or the pulsing
clement provided to the barrel as a separate component
(which are described below in more detail). Where continu-
ous and unimpeded movement 1s desired, such as the move-
ment resulting from the smooth flushing technique, the user
rotates the plunger rod and/or syringe barrel so that the one or
more pulsing elements disposed on the plunger rod do not
interact with the one or more pulsing elements disposed on
the barrel.

With specific reference to FIG. 9, to provide pulsatile
movement to the plunger rod 130, the discs 145 are aligned
with the retaining ring 345 such that there 1s interaction
between the discs 1435 and the retaining ring 345 when a force
1s applied to the plunger rod 1n the distal direction to expel the
flush solution contained within the barrel. With reference
FIG. 11, the protrusions 245 of plunger rod 230 are aligned
with the retaining ring 345 of the syringe barrel such that there
1s 1nteraction between the protrusions 245 and the retaining
ring 345 when a force 1s applied to the plunger rod 1n the distal
direction to expel the flush solution contained within the
barrel.

In one or more embodiments, the one or more pulsing
clements may be provided as a separate component for use
with a syringe barrel. The separate one or more pulsing ele-
ment may be utilized with standard syringe barrels that do not
include any features for providing pulsatile movement with
the plunger rods described herein or otherwise. Such syringe
barrels may be free of any internal projections, such as the
retaining ring 343 described above.

FIGS. 17-28 1llustrate a first pulsing element 400 that may
be disposed on an open proximal end of a syringe barrel.
Specifically, first pulsing element 400 includes an upper por-
tion 410 and a lower portion 412 that join to attach to the open
proximal end of a syringe barrel. In the embodiment shown,
the upper portion 410 and the lower portion 412 form a shell
or partial enclosure around an open proximal end of the
syringe barrel. The first pulsing element 400 includes an
opening that surrounds the syringe barrel, as will be described
herein. In the embodiment shown, the upper portion 410 and
the lower portion 412 are identical. It will be understood,
however, that the upper portion 410 and the lower portion 412
may also be different from one another. The upper portion 410
and the lower portion 412 include a shell wall 414 that that 1s
disposed perpendicularly to the syringe barrel. The shell wall
414 includes a distal side 415 and a proximal side 416. The
shell wall also includes atop end 417, a bottom end 418, a first
end 419 and a second end 420, as shown 1n FIG. 22. The upper
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portion 410 and the lower portion 412 also include two side
walls 422 that are disposed at the first end 419 and the second
end 420 of the shell wall 414. The side walls 422 1nclude a
distal side 424, a proximal side 426, and at least one nesting
clement 428 that forms arim or retaining wall for securing the
first pulsing element 400 to a proximal end of the syringe
barrel. In the embodiment shown, the pulsing element 400
includes two nesting elements 428 that are disposed on distal
side 424 and the proximal side 426 of both of the side walls
422. The nesting element 428 1n the embodiment shown 1n
FIG. 22 includes an L shaped wall that extends mwardly
toward the opening of the pulsing element 400.

As more clearly shown in FIG. 22, the shell wall 414
includes a partial opening 430 at the bottom end 418. When
the upper portion 410 and the lower portion 412 are joined
around the proximal end of a syringe barrel, the partial open-
ing 430 of the upper portion 410 and the partial opening 430
of the lower portion 412 form a full opening 432 that receives
a plunger rod and surrounds the open proximal end of the
barrel. The full opening 432 has a smaller cross-sectional
width portion 445 when measured from the bottom end 418 of
the upper portion 410 to the bottom end of the lower portion
412. The smaller cross-sectional portion 445 is less than the
cross-sectional width of the plunger rods described herein
when measured at the one or more pulsing elements disposed
on the plunger rods. The full opening 432 has a greater cross-
sectional width portion 450 when measured from the joints of
the upper portion 410 and the bottom portion 412 that 1s
greater than the cross-sectional width of the plunger rods
described herein when measured at the one or more pulsing
clements disposed on the plunger rods. The interaction
between the bottom ends 418 of the full opening 434 formed
by the upper portion 410 and the lower portion 412 and the
one or more pulsing elements of the plunger rods described
herein cause the plunger rod to provide pulsatile movement of
the plunger rod as the plunger rod moves distally within the
barrel.

As shown 1n FIGS. 17-28, the first pulsing element 400 1s
utilized with a syringe barrel 510 and a plunger rod 530. The
syringe barrel 510 includes an open proximal end 511, a distal
end 519, and a side wall 512 that extends from the distal end
519 to the proximal end 511. The side wall 512 includes an
inside surface 514 that defines a chamber 516 for retaining
fluid. The distal end 519 includes a distal wall 518 with a tip
515 extending distally therefrom. The tip 515 includes a
passageway 3517 therethrough 1n fliid communication with
the chamber 516. The tip 515 may include a tip cap 513
attached thereto. The open proximal end 511 1ncludes finger
flanges 520. The side wall 512 of the barrel may be cylindrical
or may have another shape and 1s free of any features that
project into the chamber.

To assemble the pulsing element 400 to the syringe barrel
510, the upper portion 410 and the lower portion 412 are
joined around the finger flanges 520. Specifically, the finger
flange 520 1s inserted mto the nesting element 428 of the
upper portion 410 and the lower portion 412 as the upper
portion 410 and the lower portion 412 are joined or brought in
contact or near contact with each other. The upper portion 410
and the lower portion 412 are attached to the finger flanges
520 by triction interference {it, as shown in FIG. 17. It will be
understood that other attachment mechanisms can be used,
for example, snap fit, cooperating channels, adhesive attach-
ment and the like.

The plunger rod 330 shown i FIGS. 17-20 includes a
proximal end 531 and a distal end 539 with an elongate body
portion 532 extending from the proximal end 531 to the distal

end 539. The distal end 539 of the plunger rod 5330 1includes a
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stopper 540 with a sealing edge 542 and the proximal end 531
includes a thumb press 544. The elongate body portion 532 of
the plunger rod includes an outside surface 534, forming a
perimeter around the body portion, and an axial length
extending from the proximal end 531 to the distal end 539. In
the embodiment shown, body portion 532 1s formed by two
perpendicularly intersecting beams 536, 537. The beams may
have a rectangular cross-section. In the embodiment shown in
FIGS. 18-20, the one or more pulsing elements are provided
in the form of protrusions 545 disposed on the outside surface
of the plunger rod 530. The one or more protrusions 545
extend outwardly toward the 1nside surface of the barrel. In
the embodiment shown, the protrusions 545 form half-circles
or partial ribs on one end of the beam 536.

The one or more protrusions 545 are limited to a portion of
the perimeter of the body portion of the plunger rod, leaving
the remaining portion 550 of the perimeter of the plunger rod
free of protrusions. Specifically, the protrusion 545 1s dis-
posed on opposite ends of beam 536 while the opposite ends
of beam 537 are free of any protrusions and are indicated as
portions of the plunger rod that are free of any protrusions
550. As shown 1n FIGS. 18-20, a plurality of protrusions 545
may be disposed along the axial length of the plunger rod and
may be disposed at pre-defined intervals along the axial
length. In a specific embodiment, the pre-defined intervals are
equally spaced.

In embodiments utilizing a single beam to form a body
portion, one or more protrusions 545 may be peripherally
formed along a segment of the outside surface 334 of the
plunger rod, while the remaiming segments of the outside
surface are Iree of any protrusions 543 or other extensions. In
a specific embodiment, the protrusions may also be formed
peripherally along two opposite segments of the outside sur-
tace 534 of the plunger rod, leaving two opposite segments of
the outside surface 534 of the plunger rod that are free of
protrusions. The protrusions 545 may be positioned at regular
intervals along the length of the plunger rod. In one or more
alternative embodiments, the protrusions 345 may be posi-
tioned at 1rregular 1ntervals and/or may be positioned at or
adjacent to the proximal end 531 or the distal end 539 of the
plunger rod.

In use, the plunger rod 530 1s 1nserted 1into the chamber 516
of the syringe barrel 510 through the full opening 434 of the
first pulsing element 400. The protrusions 345 of the plunger
rod may be aligned with smaller cross-sectional width 554 of
the tull opening 432 to provide pulsatile movement to the
plunger rod. The user may rotate the plunger rod 530 such that
the protrusions 545 are aligned with the larger cross-sectional
width portion 450 of the full opeming 332 to provide continu-
ous and unimpeded movement of the plunger rod, as shown 1n
FIG. 24A.

The upper portion 410 and the lower portion 412 of first
pulsing element 400 may be modified to allow pulsatile or
continuous and unimpeded movement of the plunger rod
within the barrel. In one or more embodiments, the upper
portion 410 and the lower portion 412, when attached to the
barrel, may be positioned such that cross-sectional width of
the full opening 432 at the bottom ends 418 of the upper
portion 410 and the lower portion 412 1s greater than the
cross-sectional width of the tully opening 432 at the joins of
the upper portion 410 and the bottom portion 412. In other
words, the upper portion 410 may be positioned at a distance
from the lower portion 412 to add a space between the bottom
portion 418 of each respective portion to increase the cross-
sectional width of the full opeming 432. In one or more alter-
native embodiments, the partial opening 430 of at least one of
the upper portion 410 or the lower portion 412 may include an
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inwardly extending notch (not shown) that may allow the
protrusions 545 of the plunger rod to slide distally past the
first pulsing element 400. Both the upper portion 410 and the
lower portion 412 may include a notch if the plunger rod
includes protrusions 543 on opposite ends of the body portion
532. In such embodiments, the full opening 432 may be
circular and may have a constant cross-sectional width, with
an enlarged cross-sectional width at the notch. When the
constant cross-sectional width of the full opening 432 is
aligned with the protrusions 545, the first pulsing element 400
interacts or engages with the protrusions 545 to provide pul-
satile movement of the plunger rod. When the notch or
notches in the upper portion 410 and/or the lower portion 412
are aligned with the protrusions 545, the enlarged cross-
sectional width of the full opening 432 at the notch permits
the plunger rod to move distally past the first pulsing element
400 without interaction or engagement with the first pulsing
clement to provide continuous and unimpeded movement of
the plunger rod. In another variant, the partial opeming 430 of
at least one of the upper portion 410 or the lower portion 412
may include an outwardly extending notch (not shown) that
cooperates with a plunger rod having a plurality of indenta-
tions (not shown) disposed along 1ts body portion. Both the
upper portion 410 and the lower portion 412 may include an
outwardly extending notch 11 the plunger rod includes a plu-
rality of indentations on opposite ends of the body portion.
The cross-sectional width of the plunger rod body measured
at the plurality of indentations may be less than the cross-
sectional width of the plunger rod body at other locations that
do not include any indentations. The outwardly extending
notch (not shown) would interact and engage with the por-
tions of the plunger rod that do not include a plurality of
indentations to provide pulsatile movement to the plunger
rod. The plunger rod and/or the first pulsing element 400 may
be rotated to align the outwardly extending notch with the
plurality of indentations allow the protrusions 543 of the
plunger rod such that the plurality of indentations allow the
plunger rod to slide distally past the first pulsing element. In
such embodiments, the full opening 432 may be circular and
may have a constant cross-sectional width, with a narrowed
cross-sectional width at the outwardly extending notch.
When the narrowed cross-sectional width of the full opening
1s aligned with the portions of the plunger rod that are free of
any 1ndentations, the first pulsing element interacts or
engages with the plunger rod to provide pulsatile movement
of the plunger rod. When the outwardly extending notch or
notches 1n the upper portion 410 and/or the lower portion 412
are aligned with the plurality of indentations on the, the
narrowed cross-sectional width of the plunger rod at the plu-
rality of indentations accommodates the outwardly extending,
notch and permits the plunger rod to move distally past the
first pulsing element without interaction or engagement with
the first pulsing element to provide continuous and unim-
peded movement of the plunger rod.

One or more embodiments may include a second pulsing
clement 600 that may be provided as a separate component
for use with a syringe barrel. In such embodiments, the sepa-
rate one or more pulsing element may be utilized with stan-
dard syringe barrel that do not include any features for pro-
viding pulsatile movement with the plunger rods described
herein or otherwise. Such syringe barrels may be free of any
internal projections, such as the retaining ring 343 described
above.

FIGS. 29-33 1llustrate a second pulsing element 600 that
may be disposed adjacent to an open proximal end of a
syringe barrel. Specifically, second pulsing element 600
includes a rotatable body 610 having an open distal end, an
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open proximal end, and an opening 612 therethrough. The
second pulsing element 600 1s shown with plunger rod 530
shown 1n FIGS. 17-28 and with an exemplary syringe barrel
620 that 1s free of any pulsing elements. The syringe barrel
620 includes an open proximal end 621, a distal end 629, and
a side wall 622 that extends from the distal end 629 to the
proximal end 621. The side wall 622 includes an 1nside sur-
face 624 that defines a chamber 626 for retaining fluid. The
distal end 629 includes a distal wall 628 with a tip 625 extend-
ing distally therefrom. The tip 625 includes a passageway 627
therethrough 1n fluid communication with the chamber 626
and includes a tip cap 623 attached thereto. The open proxi-
mal end 621 includes finger tlanges 630. The side wall 622 of
the barrel may be cylindrical or may have another shape and
1s Iree of any features that project into the chamber. The open
proximal end 621 includes an attachment feature for attach-
ing the second pulsing element to the open proximal end 621
of the syringe barrel.

When the rotatable body 610 1s attached to the open proxi-
mal end 621 of the syringe barrel so 1t 1s positioned perpen-
dicular to the side wall 622 of the syringe barrel or 1s parallel
to the finger tlanges 630. The rotatable body 610 may include
a distally extending attachment portion (not shown) for
attaching the rotatable body 610 to the proximal end of a
syringe barrel. For example, the distally extending attach-
ment portion may form a iriction interference fit with the
inside surface of the barrel at its open proximal end. Other
features for attaching the rotatable body 610 may be utilized,
however, such features should not interference with the abil-
ity ol the rotatable body 610 to rotate. The opening 612 has an
oval shape and includes a first point 614 and second point 615
that are opposite each other and a third point 616 and a fourth
point 617 that are opposite each other. The distance between
the first point 614 and the second point 613 1s greater than the
distance between the third point 616 and the fourth point 617.
The cross-sectional width of the opening 612 measured from
the third point 616 to the fourth point 617 is the narrowed
cross-sectional width portion 645. The cross-sectional width
of the opening 612 measured from the first point 614 to the
second point 615 1s the enlarged cross-sectional width portion
650. The rotatably body 610 may have a shape that imitates
the shape of the opening 612. Accordingly, the position of the
rotatable body 610 indicates the position of the opening 612
with respect to the plunger rod, as will be discussed 1n greater
detail below.

In use, the plunger rod 530 1s 1inserted 1nto the chamber 626
through the opening 612 of the rotatable ring. The rotatable
ring may be positioned in a pulsing position, as shown in FI1G.
28, with the protrusions 545 of plunger rod 530 aligned with
the narrowed cross-sectional width portion 645. In this con-
figuration, the interactions between the narrowed cross-sec-
tional width portion 645 and the protrusions 543 will provide
pulsatile movement to the plunger rod as it moves within the
barrel 1n the distal direction. In this position, as shown in FIG.
28, the rotatable body 610 1s positioned at a 90° angle with
respect to the finger flange. This position may function as
visual indication that the plunger rod 530 and the second
pulsing element 600 are positioned 1n a pulsing position. The
rotatable body 610 may be rotated so 1t 1s positioned 1n a
non-pulsing in which the protrusions 545 are aligned with the
enlarged cross-sectional width portion 645, as shown in FIG.
31. In this configuration, there would be no interactions
between the enlarged cross-sectional width portion 645 and
the protrusions 545 will provide pulsatile movement to the
plunger rod as 1t moves within the barrel 1 the distal direc-
tion. In this position, the rotatable body 610 1s positioned in
alignment with the finger flange. This position may function
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as visual indication that the plunger rod 530 and the second
pulsing element are positioned 1n a non-pulsing position.

In one or more embodiments, the plunger rod 1s rotatably
disposed within the barrel or, 1n other words, 1s disposed
within the barrel such that it 1s able to rotate. As discussed
above, the shape of the plunger rod and/or barrel can be
modified to allow rotation of the plunger rod when disposed at
least partially within the barrel. The amount of rotation may
also be limited by moditying the shape of either the plunger
rod and/or the barrel. Rotation of the plunger rod within the
barrel permits the user to select either pulsatile movement or
continuous and ummpeded movement for the movement of
the plunger rod within the barrel. In the embodiment shown 1n
FIGS. 9-10, the plunger rod 130 1s rotated 90° to switching
between pulsatile movement and continuous and unimpeded
movement by aligning the discs 145 with the opening of the
retaining ring 345 or the portion of the mside surface of the
barrel that 1s free of any elements. Alternatively, the user can
rotate the plunger rod 130 by 90° to align the portion of the
plunger rod that 1s free of discs 150 with the retaining ring
345, as shown more clearly in FIGS. 13-14. One of ordinary
skill 1n the art would recognize that the degree of rotation 1s
dependent on the number, size and location of elements uti-
lized on the plunger rod and/or syringe barrel. For example,
where one disc 1s disposed 1n one quadrant of the plunger rod
at one or more location along the axial length of the plunger
rod, the user may need to rotate the plunger rod up to 90°.

The alternative embodiment of the plunger rod 230 (shown
in FIGS. 4-6) having two protrusions disposed on opposite
ends of one beam 1s shown inserted into the barrel 1n FIGS.
11-12. The plunger rod 230 must be rotated 90° to align the
protrusions 245 with the opening of the retaining ring 350 or
the portion of the 1nside surface of the barrel that 1s free of any
clements. Alternatively, the user can rotate the plunger rod
230 by 90° to align the portion of the plunger rod 250 that 1s
free of protrusions with the retaining ring 343, as shown more
clearly in FIGS. 15-16.

In the embodiment shown 1n FIGS. 26-27, the plunger rod
530 may be rotated 90° to align the protrusions 345 with the
greater cross-sectional width portion 450 of the first pulsing
clement 400. Alternatively, the user can rotate the plungerrod
530 by 90° to align the portion of the plunger rod 550 that 1s
free of protrusions with the smaller cross-sectional width
portion 445 of the first pulsing element. In the embodiment
shown 1n FIG. 28, the plunger rod 530 may be rotated 90° to
align the protrusions 345 with the enlarged cross-sectional
width portion 650 of the second pulsing element 500. Alter-
natively, the user can rotate the plunger rod 530 by 90° to
align the portion of the plunger rod 550 that 1s free of protru-
sions with the narrowed cross-sectional width portion 645 of
the pulsing element.

Where only one element 1s disposed along a portion of the
perimeter on the outside surface of the plunger rod, switching,
between pulsatile movement and continuous and unimpeded
movement may require even greater rotation. In embodiments
utilizing multiple elements disposed along a portion of the
perimeter on the outside surface of the plunger rod, 1t will be
understood that less rotation may be required to align the
clements of the plunger rod and the portions of the barrel that
are iree of elements or the elements disposed on the nside
surface of the barrel with the portions of the plunger rod that
are Iree of elements for continuous and unimpeded move-
ment.

As shown more clearly in FIGS. 3 and 6, the cross-sec-
tional width D1 of the plunger rod measured at a location that
includes one or more pulsing elements (for example, at discs
145 and protrusions 245, of FIGS. 3 and 6, respectively) 1s
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greater than the cross-sectional width D2 of the plunger rod
measured at a location free of any elements. Referring to
FIGS. 7 and 8, the cross-sectional width D4 of the inside
surface of the barrel measured from the portion of the inside
surface that 1s free of any elements (for example, the retaining
ring 350) 1s less than the cross-sectional width D3 of the
inside surface of the barrel measured at the location of the
retaining ring 343 disposed on the inside surface of the barrel.
When the elements of the plunger rod and barrel are aligned,
the larger cross-sectional width of the plunger rod D1 and the
decrease cross-sectional width of the barrel D2 create varia-
tions 1n mechanical inference between the plunger rod as 1t
slides distally past the elements disposed on the inside surface
of the barrel.

When continuous and unimpeded movement 1s selected,
the elements disposed on the plunger rod (for example, at
discs 145 and protrusions 245, of FIGS. 3 and 6, respectively)
are aligned with portions of the inside surface of the barrel
that are free of any eclements (for example, at reference
numeral 350 of FIG. 8). In other words, when the elements of
the plunger rod are aligned with the portions of the inside
surface of the barrel that are free of any eclements, the
increased cross-sectional width of the 1nside surface of the
barrel D4, permits the increased cross-sectional width of the
plunger rod D1 to advance distally without any increase or
variation 1n mechanical interference.

Similarly, when the elements (for example, the retaining
ring 350) disposed on the inside surface of the barrel are
aligned with the portions of the plunger rod that are free of
clements (for example, at reference numeral 150 of FIG. 3,
and reference numeral 250 of FIG. 6), continuous and unim-
peded movement between the plunger rod and barrel 1s per-
mitted. In other words, when the elements of the barrel (for
example, the retaining ring 350) are aligned with the portions
of the plunger rod that are free of elements (for example, the
at reference numeral 150 of FIG. 3, and reference numeral
250 of FIG. 6), the decreased cross-sectional width of the
plunger rod 1s permitted to advance distally past the elements
of the barrel and within the barrel without any significant or
additional changes 1n mechanical interference between the
plunger rod and barrel.

The interaction between the pulsing elements disposed on
the plunger rod (1.e., discs 145, protrusions 245 and/or pro-
trusions 545) with the pulsing elements disposed on the barrel
or attached as separate pieces on the barrel (1.¢., retaining ring
345 smaller cross-sectional width portion 445 and/or the nar-
rowed cross-sectional width portion 643) provides resistance
to movement of the plunger rod in the distal direction. As
additional mechanical force 1s applied to the plunger rod to
allow the pulsing elements of the plunger rod to overcome the
pulsing elements of the barrel, the advancement o the pulsing
clements of the plunger rod past the pulsing elements of the
barrel causes variations in the interference between the
plunger rod and the barrel as the plunger rod moves 1n the
distal direction within the barrel. When the pulsing elements
of the plunger rod (1.e., discs 145, protrusions 245 and/or
protrusions 345) are no longer aligned with the pulsing ele-
ments of the barrel (1.e., retaiming ring 345, smaller cross-
sectional width portion 445 and the narrowed cross-sectional
width portion 645), there 1s no interaction between the puls-
ing elements of the plunger rod and the pulsing element of the
barrel and, thus, no interactions or variations 1n the interfer-
ence between the plunger rod and the barrel.

In one or more embodiments, the plunger rod and/or barrel
may include a locking feature that prevents further rotation of
the plunger rod, the barrel and/or the rotating body of the
barrel when pulsatile or continuous and umimpeded move-
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ment 1s selected. In one or more embodiment, the locking
feature may include an increased friction surface (not shown)
on the inside surface of the barrel or retaining ring and/or the
outside surface of the plunger rod that requires a user to apply
a greater force to rotate the plunger rod, barrel and/or rotating
body with respect to each other than 1s normally experienced
during normal use of the flush syringe assemblies described
herein. In one or more embodiments, the inside surface of the
barrel and/or rotating body may include a indented portion
(not shown) that recerves and holds the one or more pulsing
clements disposed on the outside surface of the plunger rod.
The indented portion (not shown) would provide an increased
cross-sectional width to accommodate the increased cross-
sectional width of the plunger rod at the location of the one or
more pulsing elements. The indented portion (not shown)
would also provide a physical barrier to prevent unintentional
rotation that would require the user to apply a greater rota-
tional force on the plunger rod, barrel or rotating body to
actively rotate the plunger rod, barrel or rotating body. The
rotational force required would be greater than the rotational
forces that may occur during normal use of the flush syringe
assemblies described herein.

In operation, the syringe assemblies described herein may
be connected to a needle assembly and filled with flush solu-
tion using known methods. Also, the syringe assembly may
be provided pre-filled from the manufacturer or supplier. The
flush solution may be any solution intended for flushing or
maintaining the performance of VAD’s. Exemplary flush
solutions include saline flush solution and/or heparin lock
flush solution. These solutions are known in the art and
readily available. An example of a saline flush solution 1s
0.9% Sodium Chloride USP for injection. An example of a
heparin lock tlush solution 1s 0.9% Sodium Chloride with 100
USP units of Heparin Sodium per ml or 10 USP units of
Heparin Sodium per ml. If attached to a needle assembly, the
syringe assembly 1s used to pierce a pierceable septum or a
blunt cannula that may be inserted into a pre-split septum of
a vial or neck of a glass ampoule containing flush solution and
the flush solution 1s drawn 1nto the syringe barrel by pulling
plunger rod 1n the proximal direction while holding barrel, to
draw fluid through the needle cannula into chamber. Alterna-
tively, large quantities of flush syringes may be pre-filled with
flush solution during or after the assembly of the syringe
using sterile filling methods. Such prefilled syringes may be
supplied with a tip cap (not shown) that seals the passageway
113 of the barrel. The tip cap may be 1s formed of material
selected from a group of thermoplastic materials and elasto-
meric materials such as natural and synthetic rubber, thermo-
plastic elastomers or combinations thereof. Once assembled,
the syringe assembly may be used in flushing a VAD such as
a catheter of an 1.V. set.

In one or more embodiments, the syringe assemblies
described herein may be incorporated into an infusion pump
delivery system. As 1s known 1n the art, push-pulse flushing
techniques are not suitable for use with infusion pump deliv-
ery systems, which are typically utilized to provide slow,
controlled delivery of flush solution, for example, 1n pediatric
settings. Infusion pump delivery systems incorporate pres-
sure alarms or other instruments to measure increases or
changes 1n pressure or force between the plunger rod and
barrel. Accordingly, when push-pulse flushing techniques are
used 1n 1infusion pump delivery systems, the pressure or force
between the plunger rod and barrel changes and may trigger
the pressure alarms and other instrumentation. Such alarms
may cause the pump delivery system to shut down. The
syringe assemblies described herein may be utilized for infu-
sion pump delivery systems and other similar pressure sensi-
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tive systems by adjusting the plunger rod and/or barrel to
select continuous and unimpeded movement, which repli-
cates a smooth flushing technique, imnstead of a flushing tech-
nique that results 1n pulsed tluid flow from the syringe such as
manual push-pulse and pulsatile flushing techniques
described herein.

In accordance with one or more embodiments, the one or
pulsing more elements disposed on the plunger rod and/or
inside surface of the barrel are shaped to interfere or form
enhanced mechanical interference with the syringe barrel
during movement of the plunger rod 1n the distal direction.
Changes 1n mechanical forces between the plunger rod and
barrel impede, slow or stop movement of the plunger rod as
the user applies a force to the plunger rod in the distal direc-
tion during expulsion. As a result, the user must apply a
greater force to the plunger rod i the distal direction to
advance distally past the elements. The changes 1n the force
applied to the plunger rod forms pulsed movement of the
plunger rod, which pulses 1n fluid flow and imparts the desired
turbulent or pulsing tlow to the flush solution. The changes in
flow rate caused by different forces applied to the plunger rod
turther increases the turbulence of the flush solution. As the
user expels the flush solution from the chamber of the barrel,
the icreased mechanical iterference between the plunger
rod and barrel result in undulating forces applied to the
plunger rod and forces applied to the flush flow, creating a
turbulent or pulsing flow. Without impediments or other fea-
tures which increase mechanical interference between the
barrel and plunger rod, there 1s no need for the user to change
the force applied to the plunger rod and the flush solution 1s
not imparted with turbulent or pulsing tlow.

In embodiments utilizing more than one element disposed
at different locations along the axial length of the plunger rod
or length of the inside surface of the barrel, additional
mechanical interference 1s created after plunger rod has
advanced distally past the first element. After advancing dis-
tally past the first element at a first location, the user must
apply an additional force to the plunger rod when the second
clement 1s encountered at a location closer to the distal wall.
Multiple changes 1n the force applied to the plunger rod forms
pulsatile movement of the plunger rod, which imparts the
desired turbulent or pulsing tlow to the flush solution.

In one or more embodiments, the elements disposed on the
plunger rod and/or the inside surface of the barrel may be
shaped to offer increased resistance at different stages of
expulsion of the flush solution. In a specific embodiment, the
clements disposed on the plunger rod and/or the 1nside sur-
face may be positioned at different locations and/or 1intervals
to increase the time between pulses or changes 1n force
applied by the user to the plunger rod 1n the distal direction.

The flush syringe assemblies described herein may also
include visual or other indication elements to indicate the
position of the plunger rod, syringe barrel and pulsing ele-
ments and thus, indicate whether movement of the plunger
rod within the barrel will be pulsatile or continuous and
ummpeded. For example, the thumb press may have a color
disposed on a portion of the thereon that 1s aligned with the
pulsing elements disposed on the plunger rod, as described
herein. The barrel may include corresponding color disposed
on the finger flange or other portion of the barrel that is
aligned with the pulsing element disposed on the barrel. The
first pulsing element 400 and the second pulsing element 600
may also have a color disposed on the portion that 1s aligned
with the smaller cross-sectional portion 445 of the first puls-
ing element 400 and the narrowed cross-sectional portion 645
of the second pulsing element 600. Accordingly, in use the
alignment of the colored portions on the thumb press and the
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barrel and/or first or second pulsing elements, indicates to the
user that the flush syringe assembly 1s configured for pulsatile
movement of the plunger rod within the barrel. Other visual
markers may also be utilized, for example, symbols and
words may be disposed on the thumb press, barrel and/or
pulsing elements.

A third aspect of the present invention pertains to a method
of flushing a catheter or removing debris and residue from a
catheter. In one embodiment, the method includes attaching a
flush syringe assembly to a catheter. The tlush syringe assem-
bly may include a barrel including a sidewall having an inside
surface defining a chamber that contains a pre-selected
amount of flush solution. The flush syringe assembly may
also include an elongate plunger rod disposed within the
barrel and moveable 1n the distal and proximal directions
within the barrel. The plunger rod includes a distal end and a
stopper attached to the distal end. The stopper forms a fluid
tight seal with the inside surface of the barrel. The flush
syringe assembly may include one or more pulsing elements
described herein that are rotatable to create pulsatile move-
ment or continuous and unimpeded movement of the plunger
rod within the barrel. The method includes selecting the man-
ner of moving the plunger rod within the barrel. Specifically,
the method 1ncludes selecting whether to move the plunger
rod within the barrel 1n a pulsatile manner or a continuous and
unimpeded manner.

In the embodiment shown 1n FIGS. 9 and 10, selecting the
manner of moving the plunger rod includes rotating the
plunger rod 130. If pulsatile movement i1s selected, the
method 1ncludes rotating the plunger rod 130 such that the
discs 145 disposed on the plunger rod are aligned with the
retaiming ring 345. The interaction of the discs 145 and the
retaining ring 345 as shown 1in FIGS. 9 and 13 creates pulsa-
tile movement ol the plunger rod because interference
between the plunger rod 130 and the barrel 110 1s increased.
If continuous and unimpeded movement 1s selected, the
method 1ncludes rotating the plunger rod 130 such that the
discs 145 are not aligned with the retaining ring 345. In this
configuration, as shown in FIGS. 10 and 14, there i1s no
interaction between the plunger rod and the barrel and, there-
fore, there 1s no change i the interference between the
plunger rod 130 and the barrel 110.

In the embodiment shown 1n FIGS. 11 and 12, selecting the
manner of moving the plunger rod includes rotating the
plunger rod 230. If pulsatile movement 1s selected, the
method 1ncludes rotating the plunger rod 230 such that the
protrusions 245 disposed on the plunger rod are aligned with
the retaiming ring 345. The interaction of the protrusions 245
and the retaining ring 345 as shown 1n FIGS. 11 and 15 creates
pulsatile movement of the plunger rod because interference
between the plunger rod 230 and the barrel 210 1s increased.
If continuous and unimpeded movement 1s selected, the
method 1ncludes rotating the plunger rod 230 such that the
protrusions 245 are not aligned with the retaining ring 345. In
this configuration, as shown i FIGS. 12 and 16, there 1s no
interaction between the plunger rod and the barrel and, there-
fore, there 1s no change in the interference between the
plunger rod 230 and the barrel 210.

In the embodiment shown 1n FIG. 20, selecting the manner
of moving the plunger rod includes rotating the plunger rod
530. I1 pulsatile movement 1s selected, the method includes
rotating the plunger rod 530 such that the protrusions 545
disposed on the plunger rod are aligned with the smaller
cross-sectional portion 445 of the first pulsing element 400.
The interaction of the protrusions 345 and the smaller cross-
sectional portion 445 creates pulsatile movement of the
plunger rod because interference between the plunger rod 530
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and the first pulsing element 400 1s increased. If continuous
and unimpeded movement 1s selected, the method 1ncludes
rotating the plunger rod 530 such that the protrusions 545 are
not aligned with the smaller cross-sectional portion 445 and
are, 1nstead, aligned with the greater cross-sectional portion
450. In this configuration, as shown 1n FIGS. 26-27, there 1s
no interaction between the plunger rod and the barrel and,
therefore, there 1s no change 1n the interference between the
plunger rod 330 and the first pulsing element 400.

In the embodiment shown 1n FIG. 29, selecting the manner
of moving the plunger rod includes rotating the rotatable body
610 of the second pulsing element 600. If pulsatile movement
1s selected, the method includes rotating the rotatable body
610 such that the protrusions 543 disposed on the plunger rod
are aligned with the narrowed cross-sectional portion 645 of
the first pulsing element 400. The 1nteraction of the protru-
s1ions 545 and the narrowed cross-sectional portion 645 cre-
ates pulsatile movement of the plunger rod because 1nterfer-
ence between the plunger rod 530 and the second pulsing
clement 600 1s increased. If continuous and unmimpeded
movement 1s selected, the method includes rotating the rotat-
able body 610 such that the protrusions 545 are not aligned
with the narrowed cross-sectional portion 645 and are,
instead, aligned with the enlarged cross-sectional portion
650. In this configuration, as shown 1n FIG. 31, there 1s no
interaction between the plunger rod and the barrel and, there-
fore, there 1s no change in the interference between the
plunger rod 530 and the second pulsing element 600.

Retference throughout this specification to “one embodi-
ment,” “certain embodiments,” “one or more embodiments”
or “an embodiment” means that a particular feature, structure,
material, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of the
invention. Thus, the appearances of the phrases such as “in
one or more embodiments,” “in certain embodiments,” “in
one embodiment” or “in an embodiment” 1n various places
throughout this specification are not necessarily referring to
the same embodiment of the invention. Furthermore, the par-
ticular features, structures, materials, or characteristics may
be combined 1n any suitable manner 1n one or more embodi-
ments.

Although the invention herein has been described with
reference to particular embodiments, 1t 1s to be understood
that these embodiments are merely illustrative of the prin-
ciples and applications of the present invention. It will be
apparent to those skilled 1n the art that various modifications
and variations can be made to the method and apparatus of the
present invention without departing from the spirit and scope
of the mnvention. Thus, 1t1s intended that the present invention
include modifications and variations that are within the scope
of the appended claims and their equivalents.

What 1s claimed 1s:

1. A flush syringe assembly comprising:

a barrel including a side wall having an inside surface
defining a chamber for retaining fluid, an open proximal
end and a distal end including a distal wall with a tip
extending distally therefrom having a passageway there-
through 1n fluid communication with said chamber;

an clongate plunger rod disposed within the barrel, the
plunger rod comprising a distal portion and a proximal
portion, the plunger rod further comprising a distal end
including a stopper having a distal face and a proximal
end; and

one or more pulsing elements disposed on at least one of
the plunger rod or the 1nside surface of the barrel that
provide increased mechanical interference between the
plunger rod and barrel, the one or more pulsing elements
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being rotatable to create pulsatile movement or continu-
ous and unimpeded movement of the plunger rod within
the barrel.

2. The flush syringe assembly of claim 1, wherein the one
or more pulsing elements comprises a plurality of extensions
disposed on the outside surface of the plunger rod, the exten-
s1ons radially outwardly extending toward the 1nside surface
of the barrel.

3. The flush syringe assembly of claim 1, wherein the one
or more pulsing elements comprises a plurality of protrusions
disposed on the inside surface of the barrel, the protrusions
extending radially inwardly toward the outside surface of the
plunger rod.

4. The flush syringe assembly of claim 1, wherein the one
or more pulsing elements comprise:

at least one extension disposed on the outside surface of the

plunger rod, the extension extending radially outwardly
toward the 1inside surface of the barrel; and

at least one protrusion disposed on the mnside surface of the

barrel, the protrusion extending radially nwardly
toward the outside surface of the plunger rod, the at least
one extension cooperating with the at least one protru-
s1on to 1ncrease the interference between the plunger rod
and the barrel to require an increased mechanical force
to be applied to advance the plunger rod distally into the
barrel from the open proximal end of the barrel to the
distal wall of the barrel.

5. The flush syringe assembly of claim 4, wherein the one
or more pulsing elements comprise a plurality of extensions
disposed on the outside surface of the plunger rod and a
plurality of protrusions disposed on the inside surface of the
barrel.

6. The tlush syringe assembly of claim 4, wherein a portion
of the outside surface of the plunger rod is free of extensions;
and a portion of the inside surface of the barrel 1s free of
protrusions.

7. The flush syringe assembly of claim 4, wherein the
plunger rod 1s rotatable within the barrel to create pulsatile
movement or to create continuous and unimpeded movement
of the plunger rod within the barrel.

8. The flush syringe assembly of claim 7, wherein move-
ment of the plunger rod in the distal direction creates an
interference with the barrel and alignment of the at least one
extension and the at least one protrusion results 1n vanations
in the interference between the plunger rod and barrel that
requires an increase in mechanical force applied to the
plunger rod in the distal or proximal direction to overcome the
interference.

9. The flush syringe assembly of claim 8, wherein move-
ment of the plunger rod in the distal direction creates an
interference with the barrel wherein alignment of the at least
one extension disposed on the outside surface of the plunger
rod with the portion of the mside surface of the barrel that 1s
free of protrusions results 1n no variations 1n the interference
between the plunger rod and barrel.

10. The flush syringe assembly of claim 1 wherein the one
or more pulsing elements comprise:

at least one extension disposed on the outside surface of the

plunger rod, the extension extending radially outwardly
toward the inside surface of the barrel; and

pulsing element disposed at the proximal end of the barrel,

the pulsing element including an inside surface that
comprises at least one projection that extends 1nto the
chamber, the at least one projection cooperating with the
at least one extension on the plunger rod to increase the
interference between the plunger rod and the barrel to
require an increased mechanical force to be applied to
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advance the plunger rod distally into the barrel from the
open proximal end of the barrel to the distal wall of the
barrel.

11. The flush syringe assembly of claim 10, wherein a
portion of the outside surface of the plunger rod 1s free of
extensions; and a portion of the mside surface of the pulsing
clement 1s free of projections.

12. The flush syringe assembly of claim 11, herein the
pulsing element 1s rotatable with respect to the plunger rod to
create pulsatile movement and to create continuous and unim-
peded movement of the plunger rod within the barrel.

13. The flush syringe assembly of claim 12, wherein move-
ment of the plunger rod in the distal direction creates an
interference with the barrel and alignment of the at least one
extension of the plunger rod and the at least one projection of
the pulsing element results 1n variations in the interference
between the plunger rod and barrel that require an increase in
mechanical force applied to the plunger rod in the distal or
proximal direction to overcome the interference.

14. The flush syringe assembly of claim 12, wherein move-
ment of the plunger rod in the distal direction creates an
interference with the barrel and alignment of the at least one
extension disposed on the outside surface of the plunger rod
with the portion of the 1nside surface of the pulsing element
that 1s free of projections results 1n no variations in the inter-
ference between the plunger rod and barrel.

15. The flush syringe assembly of claim 1, further compris-
ing indicia to provide visual or tactile indication of pulsatile
movement of the plunger rod within the barrel.

16. A flush syringe assembly comprising:

a barrel including a side wall having an inside surface
defining a chamber for retaiming fluid, an open proximal
end and a distal end including a distal wall with a tip
extending distally therefrom having a passageway there-
through 1n fluid communication with said chamber; and

an elongate plunger rod disposed within the barrel, the
plunger rod comprising a distal portion and a proximal
portion defimng a length, the plunger rod further com-
prising a distal end including a stopper having a distal
face and a proximal end, wherein the barrel and plunger
rod are cooperatively configured to permit both pulsatile
movement of the plunger rod within the barrel or con-
tinuous and unimpeded movement of the plunger rod 1n
the distal direction along substantially the entire length
of the barrel upon application of force to the plunger rod
in only the distal direction.

17. The flush syringe assembly of claim 16, wherein the
plunger rod 1s rotatably disposed within the barrel to permait
selection of pulsatile movement or continuous and uninter-
rupted movement.

18. The flush syringe of claim 16, wherein a portion of the
barrel 1s rotatable around the plunger rod to permait selection
of pulsatile movement or continuous and uninterrupted
movement.

19. A method of flushing a catheter comprising:

attaching a flush syringe assembly to a catheter, the flush
syringe assembly comprising a barrel including a side
wall having an inside surface defining a chamber con-
taining a preselected amount of flush solution, an elon-
gate plunger rod disposed within the barrel, the plunger
rod including a distal end and a stopper attached to the
distal end of the plunger rod, and one or more pulsing
clements disposed on at least one of the plunger rod or
the inside surface of the barrel that provide increase
mechanical interference between the plunger rod and
barrel, the one or more pulsing elements being rotatable
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to create pulsatile movement or continuous and unim- 20. The method of claim 19, further comprising changing,
peded movement of the plunger rod within the barrel; the manner of moving the plunger rod within the barrel from
selecting the manner of moving the plunger rod within the one of the pulsatile manner and the continuous and unim-
barrel from one of a pulsatile manner and a continuous peded manner to the other of the pulsatile manner and the
and unimpeded manner; and 5 conftinuous and unimpeded manner.

applying a force 1n the distal direction to the plunge rod
until a desired amount of the flush solution 1s expelled. I N
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